

CERTIFICATE OF TRANSLATION 



^ I, TAKESHI OSHIO, patent attorney of Fifteenth Floor, 
Crystal Tower, 1-2-27 Shiromi, Chuo-ku, Osaka 540-6015, Japan 
HEREBY CERTIFY that I am acquainted with the English and 
Japanese languages and that the attached English translation 
is a true English translation of what it purports to be, a 
translation of Manuscript Reference No. 01J04534 prepared on 
September 28, 2001 and cover sheet thereof in the name of SHARP 
KABUSHIKI KAISHA. 

Dated this 18th day of July 2007 




TAKESHI OSHIO 



01J04534 




(Translation) 



Supplemented October 26, 2001 



[1. Title of the Invention] CHARACTER DISPLAY APPARATUS 
AND CHARACTER DISPLAY METHOD, RECORDING MEDIUM AND PROGRAM 

[ 2 . Scope of the Claims ] 

[Claim 1] (Display information is determined with an 

arrangement pattern of sub-pixels) 

A character display apparatus, comprising: 

a display device including a plurality of pixels; and 
a control section for controlling the display device, 
wherein 

each of the plurality of pixels includes a plurality 
of sub-pixels arranged in a predetermined direction, 

the plurality of sub-pixels is associated with a basic 
portion representing a skeleton of a character by a 
predetermined process, 

from a sub-pixel contained in a pixel whose pixel value 
is to be determined and its neighboring sub-pixels, the 
control section extracts an arrangement of sub-pixels 
corresponding to the basic portion, and 

based on the extracted arrangement of sub-pixels, the 
control section determines luminance levels of the plurality 
of sub -pixels and displays a character on the display device . 

[Claim 2 ] (Character is easily avoided from being diminished 
with a table scheme) 

A character display apparatus according to claim 1 , 
characterized in that the control section changes a 
correspondence between the arrangement of the sub -pixels 
and the luminance levels of the sub -pixel to be determined 
to a correspondence between the arrangement of sub-pixels 
obtained by replacing the position of a sub-pixel 
corresponding to the basic portion with its neighboring 
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sub-pixels and the luminance levels of the sub-pixels to 
be determined, thereby making It possible to easily avoid 
a character from being diminished. 

[Claim 3] (Thickening of a line width of character is easily 
realized with a table scheme) 

A character display apparatus according to claim 1, 
characterized in that the control section changes a 
correspondence between the arrangement of the sub-pixels 
and the luminance levels of the sub-pixel to be determined 
to a correspondence between the arrangement of sub -pixels 
and the luminance levels of the sub -pixels to be determined, 
thereby making it possible to easily change a line width 
of a character. 

[Claim 4 ]( Background color correspondence: Basic) 
A character display apparatus according to claim 1, 
characterized in that the control section changes a 
correspondence between the arrangement of the sub -pixels 
and the luminance levels of the sub-pixels to be determined 
depending on a combination of a character color and a 
background color to be displayed. 

[Claim 5 ]( Background color correspondence: Expansion) 
A character display apparatus according to claim 4 , 
characterized in that the control section changes a 
correspondence between the arrangement of the sub-pixels 
and the luminance levels of the sub-pixels to be determined 
according to the size of the difference between character 
and background colors previously registered and character 
and background colors to be displayed. 

[Claim 6] (Method) 

A character display method for displaying a character on 
a display device including a plurality of pixels, 
wherein 
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each of the plurality of pixels Includes a plurality 
of sub-pixels arranged in a predetermined direction, and 

the plurality of sub-pixels is associated with a basic 
portion representing a skeleton of a character by a 
predetermined process, 

the character display method comprising the step: 

determining luminance levels of the plurality of 
sub-pixels, based on a pixel whose pixel value is to be 
determined and an arrangement of its neighboring sub-pixels 
corresponding to the basic portion. 

[Claim 7] (Recording medium) 

A recording medium readable by an information display 
apparatus including a display device including a plurality 
of pixels and a control section for controlling the display 
device , 

wherein 

each of the plurality of pixels includes a plurality 
of sub-pixels arranged in a predetermined direction, and 

the plurality of sub-pixels is associated with a basic 
portion representing a skeleton of a character by a 
predetermined process, 

the recording medium having a program recorded thereon 
for causing the control section to execute a process 
including the step of : 

determining luminance levels of the plurality of 
sub-pixels, based on a pixel whose pixel value is to be 
determined and an arrangement of its neighboring sub-pixels 
corresponding to the basic portion. 

[Claim 8] (Program) 

A program for causing an information display apparatus to 
execute a character display process , the information display 
apparatus including a display device including a plurality 
of pixels and a control section for controlling the display 
device , 
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wherein 

each of the plurality of pixels includes a plurality 
of sub-pixels arranged in a predetermined direction, and 

the plurality of sub-pixels is associated with a basic 
portion representing a skeleton of a character by a 
predetermined process, 

the program comprising the step of : 

determining luminance levels of the plurality of 
sub-pixels, based on a pixel whose pixel value is to be 
determined and an arrangement of its neighboring sub-pixels 
corresponding to the basic portion, 

[3. Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

The present Invention relates to: a character display 
apparatus capable of displaying characters with high 
resolution using a display device capable of displaying 
color; a character display method; a recording medium; and 
a program. 

[0002] 
[Prior Art] 

As a display technique capable of displaying characters 
with high resolution using a display device capable of 
displaying color, Japanese Laid-Open Publication 
No. 2001-100725 discloses the following technique. 
According to this technique , a display surface of the display 
device includes a plurality of pixels each consisting of 
a group of sub-pixels including a plurality of color elements 
(e.g.. Red (R), Green (G), and Blue (B)). The strength of 
each color element is represented by color element level. 
If a certain level of color element is assigned to a sub -pixel 
corresponding to the s]celeton of a character , a predetermined 
pattern of color element levels which vary stepwise around 
the sub-pixel is set for its surrounding sub-pixels. Each 
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color element level is converted to a luminance level based 
on a predetermined correspondence. The level of a color 
element corresponds to the degree of the color element which 
contributes to the color of a character. Therefore, the 
greater the contribution of a sub-pixel to the color of a 
character, the greater the color element level of the 
sub-pixel. The greater the contribution of a sub-pixel to 
the color of a background, the lower the color element level 
of the sub-pixel. In addition, the luminance level of a 
sub-pixel corresponds to the degree of light emission of 
the sub-pixel. The greater the luminance level of a 
sub-pixel, the greater the degree of light emission of the 
sub-pixel. The lower the luminance level, the lower the 
degree of light emission. In this manner, the shapes of 
characters are represented on a sub-pixel-by-sub-pixel 
basis , and by forming a pattern of color element levels which 
vary stepwise, characters can be displayed with high 
resolution while color noise is suppressed. Further, 
Japanese Laid-Open Publication No. 2001-184051 discloses 
another technique capable of displaying characters with high 
resolution in any character color and any background color, 
by appropriately changing a predetermined correspondence 
when converting, in the conventional technique, the color 
element level to the luminance level according to the color 
of a character and the color of a background to be displayed . 

[0003] 

[Problems to be Solved by the Invention] 

However, in the above -described conventional technique, 
a pattern of the color element levels of sub -pixels 
constituting the shape of a character is set , and thereafter, 
the color element levels are converted to respective 
luminance levels which are actually to be displayed on a 
display device. Therefore, the process is complicated and 
a working memory area required for performing the process 
is increased . As a result , there are problems that character 
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display processing Is slowed, the hardware cost Is Increased, 
and the like. 

In addition, when strokes of a character are close to 
each other, the conventional technique described above 
discloses a method for preventing the deformation of a 
character between the strokes by changing a pattern of color 
element levels . However , there Is a problem that the process 
Is made complicated in order to change a pattern of color 
element levels by actually recognizing the positional 
relationship between strokes. 

Further, when arbitrary colors are set to characters 
and backgrounds to be displayed. In some combination of 
colors , a pattern of color element levels constituting the 
shape of a character is not suitable for representing the 
colors of the set character and background, thus causing 
a problem that the shape of the character is degraded and 
the visibility of the character is significantly reduced. 

[Means for Solving the Problems] 

In order to solve the first problem describe above, a 
character display apparatus according to the present 
invention includes: a display device including a plurality 
of pixels; and a control section for controlling the display 
device, wherein each of the plurality of pixels includes 
a plurality of sub-pixels arranged in a predetermined 
direction, the plurality of sub-pixels is associated with 
a basic portion representing a skeleton of a character by 
a predetermined process, from a sub-pixel contained in a 
pixel whose pixel value is to be determined and its 
neighboring sub-pixels, the control section extracts an 
arrangement of sub -pixels corresponding to the basic portion , 
and based on the extracted arrangement of sub -pixels, the 
control section determines luminance levels of the plurality 
of sub-pixels and displays a character on the display device , 
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thereby the first problem described above is solved. 

In order to solve the second problem describe above, 
in a character display apparatus according the present 
invention, the control section changes a correspondence 
between the arrangement of the sub -pixels and the luminance 
levels of the sub-pixel to be determined to a correspondence 
between the arrangement of sub-pixels obtained by replacing 
the position of a sub-pixel corresponding to the basic 
portion with its neighboring sub-pixels and the luminance 
levels of the sub-pixels to be determined, thereby making 
it possible to easily avoid a character from being diminished , 
thereby the second problem described above is solved. 

In addition, the control section may change a 
correspondence between the arrangement of the sub -pixels 
and the luminance levels of the sub -pixel to be determined 
to a correspondence between the arrangement of sub-pixels 
and the luminance levels of the sub-pixels to be determined. 
Therefore, a sub-pixel corresponding to a basic portion of 
a character is multiplexed, and as a result, the line width 
of the appearance of the character is thickened. 

In order to solve the third problem described above, 
in a character display apparatus according to the present 
invention, the control section changes a correspondence 
between the arrangement of the sub-pixels and the luminance 
levels of the sub-pixels to be determined depending on a 
combination of a character color and a background color to 
be displayed, thereby the third problem described above is 
solved. 

In addition, the control section changes a 
correspondence between the arrangement of the sub -pixels 
and the luminance levels of the sub-pixels to be determined 
according to the size of the difference between character 
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and background colors previously registered and character 
and background colors to be displayed* 

A character display method according to the present 
invention is provided for displaying a character on a display 
device including a plurality of pixels , wherein each of the 
plurality of pixels includes a plurality of sub-pixels 
arranged in a predetermined direction, and the plurality 
of sub -pixels is associatedwith a basic portion representing 
a skeleton of a character by a predetermined process, the 
character display method including the step: determining 
luminance levels of the plurality of sub-pixels, based on 
a pixel whose pixel value Is to be determined and an 
arrangement of its neighboring sub -pixels corresponding to 
the basic portion, thereby the problem described above is 
solved. 

A recording medixim according to the present invention 
is provided, which is readable by an information display 
apparatus including a display device Including a plurality 
of pixels and a control section for controlling the display 
device, wherein each of the plurality of pixels Includes 
a plurality of sub-pixels arranged in a predetermined 
direction, and the plurality of sub-pixels is associated 
with a basic portion representing a skeleton of a character 
by a predetermined process , the recording medium having a 
program recorded thereon for causing the control section 
to execute a process including the step of: determining 
luminance levels of the plurality of sub-pixels, based on 
a pixel whose pixel value is to be determined and an 
arrangement of its neighboring sub-pixels corresponding to 
the basic portion, thereby the problem described above is 
solved. 

A program is provided for causing an Information display 
apparatus to execute a character display process, the 
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Information display apparatus Including a display device 
Including a plurality of pixels and a control section for 
controlling the display device , wherein each of the plurality 
of pixels includes a plurality of sub-pixels arranged in 
a predetermined direction, and the plurality of sub-pixels 
is associated with a basic portion representing a skeleton 
of a character by a predetermined process, the program 
including the step of : determining luminance levels of the 
plurality of sub-pixels, based on a pixel whose pixel value 
is to be determined and an arrangement of its neighboring 
sub-pixels corresponding to the basic portion, thereby the 
problem described above is solved. 

The functions of the present invention will be described 
hereinafter . 

According to the present Invention, a character Is 
displayed on a display device having a plurality of pixels . 
In this case, each of the plurality of pixels Includes a 
plurality of sub-pixels which is arranged In a predetermined 
direction. The plurality of sub-pixels is associated with 
a basic portion representing the skeleton of a character 
by a predetermined process. The luminance levels of the 
plurality of sub-pixels are determined based on a pixel whose 
pixel value is to be determined and an arrangement of its 
neighboring sub-pixels corresponding to the basic portion. 
Thereafter, the character is displayed on the display device . 
Therefore , when a character is displayed with high resolution 
and high definition, processes can be simplified and the 
processes can be performed at practical speed even using 
a CPU having a low processing speed. Further, the size of 
a program describing a procedure can be reduced, thereby 
making it possible to reduce the size of a memory apparatus . 
Furthermore, the simplification of processes can reduce a 
working memory region required during processing. As a 
result, the cost of a character display apparatus can be 
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reduced, thereby making it possible to realize a character 
display with high resolution and high definition. 

In addition, according to the present invention, when 
the luminance levels of the plurality of sub-pixels are 
determined based on the arrangement of the sub -pixels 
corresponding to a basic portion, a correspondence between 
the arrangement of the sub-pixels and the luminance levels 
of the sub-pixel to be determined is changed to a 
correspondence between the arrangement of sub-pixels 
obtained by replacing the position of a sub-pixel 
corresponding to a basic portion with its neighboring 
sub-pixels and the luminance levels of the sub-pixels to 
be determined. Therefore, when sub-pixels corresponding 
to the skeleton of a character are close to each other, the 
arrangement of sub -pixels can be changed so that such 
sub-pixels are spaced further apart. Thereby, it is 
possible to prevent a space between strokes of the character 
from being diminished, which deforms the character when 
strokes of the character are close to each other. The 
arrangement of sub -pixels corresponding to the skeleton of 
a character may not be suitable for the representation of 
the character, depending on a color combination of a 
character and a background. Even in this situation, by 
changing the arrangement of sub-pixels corresponding to the 
skeleton, distortion of the character can be corrected. 

Further, according to the present invention, when the 
luminance levels of the plurality of sub-pixels are 
determined based on the arrangement of the sub-pixels 
corresponding to the basic portion , a correspondence between 
the arrangement of the sub-pixels and the luminance levels 
of the sub-pixel to be determined is changed to a 
correspondence between the arrangement of sub-pixels 
obtained by providing a duplicate of a sub -pixel 
corresponding to the basic portion to its neighboring 
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sub-pixels and the liiminance levels of the sub-pixels to 
be determined. Thus, when the luminance levels of the 
sub-pixels are determined, a sub-pixel corresponding to the 
skeleton of a character can be multiplexed, thereby making 
it possible to simplify a process of thickening the line 
width of a character so that the process can be efficiently 
performed. 

Further, according to the present invention, when the 
luminance levels of the plurality of sub-pixels are 
determined based on the arrangement of the sub-pixel 
corresponding to the basic portion, the correspondence 
between the arrangement of the sub-pixels and the luminance 
levels of the sub-pixels to be determined can be changed 
depending on a combination of a character color and a 
background color to be displayed. Therefore, the optimum 
luminance levels of sub -pixels can be set depending on a 
character color and a background color. Therefore, 
characters having an optimum line width can be displayed 
for each color combination, whereby characters can be 
displayed with a high level of visibility irrespective of 
the color combination. 

Further, according to the present invention, the 
correspondence between the arrangement of the sub-pixels 
and the luminance levels of the sub-pixels to be determined 
can be changed according to the size of the difference between 
character and background colors previously registered and 
character and background colors to be displayed . Therefore , 
the above -de scribed correspondence can be shared by a group 
of characters having similar color combinations (similar 
luminance levels of sub-pixels) , whereby characters can be 
displayed with a greater variety of color combinations and 
an optimum line width while suppressing the storage capacity 
of a character display apparatus to a low level. 
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[Embodiment of the Invention] 

Figure 1 shows a representative configuration of a 
character display apparatus according to a conventional 
technique ( Japanese Laid-Open Publication No . 2001-100725, 
Japanese Laid-Open Publication No. 2001-184051). The 
character display apparatus la includes a display device 
3 capable of displaying color and a control section 20 , which 
separately controls a plurality of color elements 
corresponding to a plurality of sub-pixels included in the 
display device 3. The control section 20 includes a CPU 2 
and a main memory 4 . The display device 3 , an input device 7 
and an auxiliary memory apparatus 40 are connected to the 
control section 20. The auxiliary memory apparatus 40 
stores a display program 41a for displaying characters and 
data 5. The data 5 includes character shape data 5b, 
correction pattern data 5g and a luminance table 5d. 
Examples of the character shape data 5b include outline data 
representing the contour shapes of characters and skeleton 
data representing the skeletal shapes of characters . Note 
that characters to be displayed may include simple graphics , 
such as pictographic characters and the like. In 
descriptions below, characters are illustrated. The 
character shape data 5b also includes bitmap data 
representing characters. Note that processing by the 
display program 41b varies slightly depending on the type 
of the character shape data 5b. 

Figure 4 shows a process flow of the display program 
41a when the character shape data 5b is skeleton data. The 
processes of the character display according to the present 
invention will be described with reference to the flow of 
Figure 4 . 

Step SI : A character code and a character size are input 
from the input device 7 . 

Step S2 : Skeleton data of a character corresponding to the 
input character code is read from the auxiliary memory 
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apparatus 40 and stored In the main memory 4. 

Step S3: Coordinate data of each stroke contained in the 

skeleton data is scaled according to the input character 

size. 

Step S4 : The coordinate data contained in one stroke is 
retrieved. 

Step S5: The type of the stroke is determined based on data 
contained in the skeleton data. If the stroke is a straight 
line, the process goes to step S6 . If the stroke is not 
a straight line (curved line) , the process goes to step S7 . 
Step S6: Sub-pixels on the straight line represented by the 
coordinate data of the stroke are defined as a basic portion 
representing the skeleton of the character. 
Step S7 : Sub-pixels on the curved line represented by the 
coordinate data of the stroke are defined as a basic portion 
representing the skeleton of the character. 
Step S8: The color element levels of the sub-pixels 
corresponding to the basic portion of the character, defined 
in steps S6 and S7/ are set to be the greatest color element 
levels (e.g., "7"). 

Step SIO: It is determined whether all the strokes included 
in the character are processed. If "Yes" , the process goes 
to step Sll. If "No", the process returns to step S3 and 
is repeated. 

Step Sll: A luminance table representing a correspondence 
between the color element levels and the luminance levels 
is used so as to convert the set color element levels of 
the sub-pixels to respective luminance levels. 
Step S12: Luminance data indicating the luminance levels 
of the sub-pixels set in step Sll is transferred to the display 
device . 

In this manner, the luminance levels are adjusted on 
a sub-pixel-by-sub-pixel basis to display a character. 

Herein, the description has been made regarding 
sub-pixels corresponding to a basic portion representing 
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the skeleton of a character being derived from skeleton data . 
Alternatively, such sub -pixels may be derived from bitmap 
data by a predetermined process. Alternatively, the 
pattern of the basic portion which is previously stored as 
data in a memory apparatus may be read and used. 

Figure 2 shows an exemplary configuration of a character 
display apparatus according to the present invention. The 
character display apparatus lb may be, for exeunple, a 
personal computer. Examples of the personal computer 
include any type of computer, such as desktop, laptop, and 
the like. Alternatively, the character display apparatus 
lb may be a word processor. Further, the character display 
apparatus lb may be any information display apparatus 
including a display device capable of displaying color, such 
as an electronic apparatus , an information apparatus . 
Examples of the character display apparatus lb also include 
electronic apparatuses including^ a color liquid crystal 
display device, and communication apparatuses (e.g., 
personal digital assistants, mobile telephones including 
PHS, general fixed telephones, FAX, etc.). 

Similar to the conventional technique, the character 
display apparatus lb includes a display device 3 capable 
of displaying color and a control section 20, which 
separately controls a plurality of color elements 
corresponding to a plurality of sub-pixels included in the 
display device 3. The control section 20 includes a CPU 2 
and a main memory 4 . The display device 3 , an input device 7 
and an auxiliary memory apparatus 40 are connected to the 
control section 20. The auxiliary memory apparatus 40 
stores a display program 41b for displaying characters and 
data 5. The data 5 includes character shape data 5b and 
a pixel value table 5e. The pixel value table 5e will be 
described later. 
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Herein, the display device 3, which is a basis for 
explaining the present invention, will be described. 

Portion (a) of Figure 3 schematically shows a portion 
of the display surface of the display device. The display 
surface includes a plurality of pixels representing 
characters or graphics to be displayed. Each pixel consists 
of sub-pixels including a plurality of color elements (e.g. , 
Red (R), Green (G) , and Blue (B)). 

Portion (b) of Figure 3 is a diagreun for explaining use 
of sub-pixels for a basic portion of the skeleton of a 
character and an arrangement of a correction pattern for 
the basic portion. When the hatched sub-pixel corresponds 
to a basic portion, the color element level of the basic 
portion is set to be, for example, the greatest color element 
level of 7. The color element levels of the sub-pixels 
neighboring the sub-pixel corresponding to the basic portion 
are set to be 5 , 2 and 1 from the nearest to the basic portion, 
based on a correction table 2060 shown in Figure 11 when 
a correction pattern 1 is selected. The color pixel levels 
of sub-pixels corresponding to the background are set to 
be 0 . The color element levels are converted to the luminance 
levels based on a correspondence between the color element 
levels and the luminance levels shown in a luminance table 
shown in Figure 12. In the example shown in Portion (b) 
of Figure 3, from the left-hand side of the table, the 
sub-pixel having the color element level 0 of R is set, 
according to the luminance table , to have the luminance level 
"255", the sub-pixel having the color element level 1 of 
G is set to have the luminance level "219" , and the sub-pixel 
having the color element level 2 of B is set to have the 
luminance level "182". Similarly, the sub-pixels having 
the color element levels ( 5 , 7 , 5 ) is set to have the luminance 
levels (73, 0, 73), and the sub-pixels having the color 
element levels (2, 1, 0) is set to have the Ivmiinance levels 
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(182, 219, 255). When correction patterns , corresponding 
to neighboring basic portions , overlap each other , the color 
element level having the largest value is set. A pattern 
of a basic portion representing the skeleton of an actual 
character of Kanji character "ft" is shown in Figure 13 as 
an example . The sub-pixels in black in the figure correspond 
to basic portions. 

It is assumed that N correction patterns are set in this 
manner- In the character display method according to the 
present invention, as shown in Portion (o) of Figure 3, when 
the luminance levels of M sub -pixels contained in the pixel 
of interest are determined, it is possible to determine the 
luminance levels of the sub-pixels contained in the pixel 
of interest (i.e., pixel value of the pixel), by checking 

the arrangement pattern of a basic portion included in M+2xN 
sub-pixels including N neighboring sub-pixels which 
neighbor each side of the pixel of interest. 

Figure 5 shows a process flow of character display 
according to the present invention. The flow of the 
character display will be described with reference to the 
process flow. 

Step SI : A character code and a character size are input 
from the input device 7 . 

Step S2 : Skeleton data of a character corresponding to the 

input character code is read from the auxiliary memory 

apparatus 40 and stored in the main memory 4 . 

Step S3: Coordinate data of each stroke contained in the 

skeleton data is scaled according to the input character 

size. 

Step S4 : The coordinate data contained in one stroke is 
retrieved. 

Step S5: The type of the stroke is determined based on data 
contained in the skeleton data. If the stroke is a straight 
line, the process goes to step S6 . If the stroke is not 
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a straight line (curved line) , the process goes to step S7. 

Step S6: Sub-plxels on the straight line represented by the 

coordinate data of the stroke are defined as a basic portion 

representing the skeleton of the character. 

Step S7: Sub-pixels on the curved line represented by the 

coordinate data of the stroke are defined as a basic portion 

representing the skeleton of the character. 

Step SIO: It is determined whether all the strokes Included 

in the character are processed. If "Yes" , the process goes 

to step SlOl. If "No", the process returns to step S3 and 

is repeated. 

Step SlOl: An arrangement pattern for a basic portion 
Included in the sub-pixels which neighbor the pixel, whose 
pixel value is to be determined, is checked. 
Step S102: The pixel value table 5e is searched, and the 
luminance levels of the sub-pixels corresponding to the 
arrangement pattern for the basic portion, which is checked 
in Step SlOl, are set for the pixel, whose pixel value is 
to be determined. 

Step S12: Luminance data indicating the luminance levels 
of the sub-pixels set in step S102 is transferred to the 
display device. 

As described above, the pixel values of pixels can be 
set collectively based on an arrangement of sub-pixels 
corresponding to a basic portion. 

Figure 6 shows an example of a correspondence between 
an arrangement of sub-pixels for a basic portion and a pixel 
value (R, G, B luminance value) of a pixel contained in the 
pixel value table 5e in the configuration shown in Figure 
2. 

The table at the left-hand side of Figure 6 shows a 
pattern of 9 sub-pixels corresponding to 3 pixels which are 
arranged in the same direction as that of the arrangement 
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of the sub-pixels. In the table, element "0" indicates that 
a basic portion is not assigned to a sub-pixel relating to 
the element; element "1" indicates that a basic portion is 
assigned to a sub-pixel relating to the element; and 
element "x" indicates that either a basic portion is assigned 
to a sub-pixel relating to the element or a basic portion 
is not assigned to a sub-pixel relating to the element. In 
addition, the table at the right-hand side of Figure 6 shows 
the luminance value of each sub-pixel (R, G, B) contained 
in a pixel corresponding to the pattern on the left-hand 
side of Figure 6, as elements in the table. The pixel value 
of a pixel is determined using the table indicating a 
correspondence between the arrangement of sub -pixels 
corresponding to the basic portion of a character and the 
luminance values of sub-pixels contained in a pixel whose 
pixel value is to be determined • The examples shown in Figure 
6 and later to be described show a case in which the number 
of sub-pixels shown in Portion (c) of Figure 3 is M=N=:3. 
For example, in the case in which the arrangement of 
sub-pixels corresponding to a basic portion is "xlO 000 Olx" , 
the arrangement of the color element levels is "x75, 212, 
57x" according to the correction pattern . The color element 
levels (2, 1, 2) of sub-pixels (R, G, B) contained in a pixel 
whose pixel value is to be set are converted to luminance 
levels (182, 219, 182) according to the correspondence in 
the luminance table. Therefore, in the table of Figure 6, 
the arrangement "xlO 000 Olx" of the sub-pixels and the 
luminance levels (182, 219, 182) make up a pair of elements. 
Also, a correspondence is set for other elements in the table 
in a similar manner. 

Figure 7 shows another example of a correspondence 
between an arrangement of sub-pixels for a basic portion 
and a pixel value of a pixel (R, G, B luminance value). 

Similar to Figure 6 , Figure 7 shows the luminance levels 
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of sub-pixels contained In a pixel, which correspond to the 
arrangement of the sub-pixels shown at the left-hand side 
of the table. For example, in the case In which the 
arrangement of sub-pixels is "000 001 000", the arrangement 
of the color element levels is "001, 257, 521" according 
to the correction pattern. The color element levels (2, 
5,7) of sub-pixels (R, G, B) contained in a pixel whose 
pixel value is to be set are converted to luminance levels 
( 182 ,73,0) according to the correspondence in the luminance 
table . Therefore , in the table of Figure 7 , the arrangement 
"000 001 000" of the sub -pixels and the luminance levels 
(182, 73, 0) make up a pair of elements. 

As described above, the correspondence between the 
arrangement for a basic portion and the luminance values 
of the sub-pixels is tabulated. Therefore, when sub-pixels 
corresponding to a basic portion are close to each other, 
the pixel values of pixels present between strokes of a 
character can be controlled by particularly adjusting the 
luminance values of sub -pixels corresponding to the 
arrangement. Therefore, it is possible to prevent black 
pixels from filling between strokes of a character, i.e., 
a space within the character is diminished, or the like. 
Thus, the quality of display can be Improved. 

Figure 8 shows an example of a correspondence between 
an arrangement of sub-pixels for a basic portion and a pixel 
value of a pixel (R, G, B luminance value) including the 
shift of the basic portion. 

The arrangement of sub-pixels at the left-hand side of 
Figure 8 shows a similar case to the one shown in Figure 

7. As an example of a correspondence including the shift 
of the basic portion, in the table in the middle of Figure 

8, sub-pixels corresponding to a basic portion are replaced 
with the sub-pixels located at the middle of three sub-pixels 
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contained In each pixel . The correspondence shown In Figure 
8 Is represented by the relationship between the original 
arrangement of the sub-pixels (at the left-hand side of 
Figure 8 ) and the pixel value of the pixel which Is determined 
(at the right-hand side of Figure 8) based on the arrangement 
after the replacement of the basic portion Included In the 
original arrangement. 

For example, when the arrangement of sub-pixels is "000 
001 000", the arrangement of the sub-pixels is changed to 
"000 010 000" by replacement of the basic portion. Due to 
this, the arrangement of the color element levels Is "012, 
575, 210" according to the correction pattern, and the color 
element levels (5, 7, 5) of sub -pixels (R, G, B) contained 
in a pixel whose pixel value is to be set are converted to 
luminance levels ( 73 , 0 , 73 ) according to the correspondence 
in the luminance table . Therefore , in the table of Figure 8 , 
the arrangement "000 001 000" of the sub-pixels and the 
luminance levels (73, 0, 73) make up a pair of elements. 

Figure 9 shows an exeunple of a correspondence between 
an arrangement of sub -pixels for a basic portion and a pixel 
value of a pixel (R, G, B luminance value) including the 
multiplexing of the basic portion. 

The table of the middle of Figure 9 shows an arrangement 
in which a basic portion is duplicated (multiplexed) at the 
left-hand side of the arrangement of the sub-pixels in the 
table at the left-hand side of Figure 9. The pixel value 
of a pixel to be determined based on the arrangement of the 
sub-pixels Including the multiplexed basic portion is shown 
in the table at the right-hand side of Figure 9. The 
correspondence between the arrangement of these sub-pixels 
and the pixel value of the pixel is used for the pixel value 
table 5e shown in Figure 2 • For excunple , when the arrangement 
of sub-pixels is "xlO 000 Olx x" , the arrangement of the 
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sub-pixels is changed to "xlO 000 llx x" by providing a 
duplicate of the basic portion to the left-hand side of the 
sub -pixel . Due to this , the arrangement of the color element 
levels is "x75, 225, 77x, x" according to the correction 
pattern. The color element levels (2, 2, 5) of sub-pixels 
(R, G, B) contained in a pixel whose pixel value is to be 
set are converted to luminance levels (182, 182, 73) 
according to the correspondence in the luminance table. 
Therefore, in the table of Figure 9, the arrangement "xlO 
000 Olx x" of the sub-pixels and the luminance levels (182, 
182, 73) make up a pair of elements. 

Figure 10 is an excunple of a correspondence between an 
arrangement of sub-pixels for a basic portion and a pixel 
value of a pixel (R, G, B luminance value) when orange (R, 
G, B = 255, 127, 0) is used as a background color. 

In Figure 10, when the arrangement of sub-pixels is "000 
000 000", there is no sub-pixel corresponding to the basic 
portion of a character. A pixel whose pixel value is to 
be set corresponds to a background. Therefore, the 
luminance values of (R, G, B) are (255, 127, 0) . A correction 
pattern, which is stepwise changed, is adjusted according 
to the distribution of luminance in the background color. 
For example, in the case in which the arrangement of 
sub-pixels is "000 001 000", when the background color is 
white, the arrangement of color element levels is 
"001,257,521" as shown in the example in Figure 7 . The color 
element levels (2, 5, 7) of sub-pixels (R, G, B) contained 
in a pixel whose pixel value is to be set are set to luminance 
levels ( 182 ,73, 0). In contrast , when the background color 
is orange, the ratio of the luminance levels (R, G, B) is 
(1, 1/2, 0). Therefore, the color element levels (2, 5, 
7) of the sub-pixels (R, G, B) contained in the pixel whose 
pixel value is to be set are adjusted to luminance levels 
(182, 36, 0) where the level of G becomes 73xl/2s36. Thus, 
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when the background color is orange , in the table of Figure 10 , 
the arrangement "000 001 000" of the sub-pixels and the 
adjusted luminance levels (182, 36, 0) make up a pair of 
elements . 

A correspondence between an arrangement of sub-pixels 
and a pixel value to be set for arbitrary character color 
and background color is derived , for each color combination , 
from a table, for example, as shown in Figure 10. The 
correspondence can be adjusted according to the character 
color and background color based on the table (e.g., the 
one shown in Figure 6 or Figure 7 ) indicating a correspondence 
for a basic color combination, i.e., black characters in 
a white background. Alternatively, instead of adjusting 
the table as described above, a table may be provided for 
each combination of a character color and a background color . 
Further, when there are a number of combinations of a 
character color and a background color, similar colors may 
be grouped and tables indicating a correspondence are 
provided for respective representative colors according to 
the size of a difference between the character and background 
colors and the representative color. For example, the sum 
of squares of differences between each color element (R, 
G, B), the sum of absolute differences between each color 
element (R, G, B) , or the like, can be used as an indicator 
for determining the size of a color difference . A difference 
in color element level in color space (e.g. , YUV space. Lab 
space, or the like) according to visual characteristics may 
be used as an indicator for determining a color difference - 
If a difference between a representative color assigned to 
the table indicating the correspondence and a color specified 
in displaying a character is less than or equal to a 
predetermined threshold, the specified color is determined 
as a color belonging to a group including the representative 
color and the table indicating the correspondence can be 
used to determine the pixel value to be set . 
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The above-described pixel value table 5e Indicating a 
correspondence between the arrangement of sub-pixels and 
the pixel value of a pixel has 2^***^''^^ entries of arrangement 
combinations of sub-pixels. I.e., the combinations of the 
presence or absence ( "1" or "0" ) of a basic portion for (M+2xN) 
sub-pixels . For example , In the example of M=N=3 , the nximber 
of entries Is 512. However, In the number of combinations 
of corresponding pixel values, correction patterns are set 
so as to be stepwise changed. Therefore, the sequence of 
the luminance values of sub-pixels Is limited. In addition, 
when correction patterns overlap In a sub-pixel, the larger 
color element level Is set In the sub-pixel. Therefore, 
the number of pixel values obtained by combinations of 
sub-pixels Is 

(Expression 1) 

C M 4 3 ) ^ — ( I h « ) X24:1 = 5 >c Nt 8 

Therefore , In the example of M=N=3 , the number of pixel values 
Is 23. By assigning 23 Indexes to 512 patterns, a data 
capacity required for storing pixel values actually set can 
be reduced as compared to when a total of 24 -bit full color 
data Is prepared In a table where each of (R, G, B) has a 
length of 8 bit (=0 to 255), for example. 

In the description regarding a correspondence between 
the arrangement of sub -pixels and the pixel value of a pixel , 
the sub-pixel of Interest is arranged in a direction along 
which, for example, R, G, and B are arranged. However, the 
present invention is not so limited. Alternatively, a 
similar correspondence can be used for other arrangements, 
for example in the case in which the sub-pixel of Interest 
is arranged in a direction perpendicular to which, for 
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[Effect of the Invention] 

As described above, according to the present invention, 
when a character is displayed with high resolution using 
sub-pixels on a display device capable of displaying color, 
a luminance level to be displayed on the display device can 
be obtained directly by converting the arrangement of 
sub-pixels constituting the shape of a character* 
Therefore, the character display process can be performed 
at a higher rate and a working memory area for performing 
the character display process can be reduced. As a result, 
the present invention can obtain an effect that character 
display processing can be performed at the same or higher 
rate and the hardware cost can be reduced. 

In addition, when character strokes are close to each 
other, the present invention can obtain an effect that a 
pattern of color element levels can be easily set to prevent 
deformation of a character, i.e. , by preventing filling of 
a space between the strokes. 

Further, in the case in which arbitrary color is set 
to a character and a background to be displayed, the present 
invention can obtain an effect that the shape of a character 
is retained and a high level of visibility is achieved 
irrespective of a color combination since a pattern of color 
element levels constituting the shape of a character is 
appropriately set in order to represent a character color 
and a background color. 

Further, in a correspondence between the arrangement 
of sub -pixels and the pixel value, similar combinations of 
a character color and a background color may be grouped for 
arbitrary combination of characters and backgrounds so as 
to be merged into a correspondence table for a representative 
color combination. Therefore, the present invention can 
obtain an effect that a data amount required for the table 
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Indicating the correspondence can be reduced. 

[ 4 . Brief Description of the Drawings ] 
[Figure 1] 

Figure 1 Is a diagram showing a configuration of a character 
display apparatus according to a conventional technique. 

[Figure 2] 

Figure 2 is a diagram showing a configuration of a character 
display apparatus according to the present invention. 

[Figure 3] 

Figure 3 is a diagram for explaining a sub -pixel 
configuration and a correction pattern. 

[Figure 4] 

Figure 4 is a diagreutn showing a process flow of the character 
display apparatus according to the conventional technique . 

[Figure 5] 

Figure 5 is a diagram showing a process flow of the character 
display apparatus according to the present invention. 

[Figure 6] 

Figure 6 is a diagram showing an example of a correspondence 
between an arrangement of sub -pixels and a pixel value of 
a pixel. 

[Figure 7] 

Figure 7 is a diagram showing another example of a 
correspondence between an arrangement of sub -pixels and a 
pixel value of a pixel. 

[Figure 81 

Figure 8 is a diagram showing another example of a 
correspondence between an arrangement of sub-pixels and a 
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pixel value of a pixel. 
[Figure 9] 

Figure 9 is a diagram showing another example of a 
correspondence between an arrangement of sub-pixels and a 
pixel value of a pixel. 

[Figure 10] 

Figure 10 is a diagram showing another example of a 
correspondence between an arrangement of sub-pixels and a 
pixel value of a pixel. 

[Figure 11] 

Figure 11 is a diagram showing an exemplary correction table 
stored in the correction pattern data 5o. 

[Figure 12] 

Figure 12 is a diagram showing an exeunple of the luminance 
table 5d. 

[Figure 13] 

Figure 13 is a diagram showing an exemplary pattern of 
sub-pixels corresponding to a basic portion in a Kanji 
character "'It". 

[Description of the Reference Numerals] 
la, lb character display apparatus 

2 CPU 

20 control section 

3 display device 

4 main memory 

40 auxiliary memory apparatus 
41a, 41b display program 

5 data 

5b character shape data 

5o correction pattern table 
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5d luminance table 
5e pixel value table 
7 input device 
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[Figure 1] 
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[Figure 2] 
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[Figure 4] 
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[Figure 5] 
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[Figure 6] 
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[Figure 7] 
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[Figure 8] 
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[Figure 9] 
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[Figure 11] 
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[Figure 12] 
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□ 1 P 3 (KAjK#<9lil«tt«(ttiom 



A. xjAtus (b) mitim c. nnfla (tta'i^nttH) 




01J04534 



2001.10.26 ffljg 

©43*^6. iiliEH*glJ'»«'Mfi5^\Jl:f6nfe-y-3rt''5feJl/©i29lJ«ffltliU. 

9(If2SijtaigBB. Btii2}fiai^nfc-9-:?"ei7feJl/©i29iJlcB-:Jt\rv BtIiB^Sl(D-y-:?f<?feJKDS^L/^Jl/S 

[ii5itii2] (.^-zf}i(Di±m9>7:"-Di^n^m^iz^'M) 

Bti3SlJjagB'^)Bti2+t::ft'-5tJb<Di29Ui:ftIiB3^St-A:si^^ 

i335]£T^S+*-:/t*^7feJI/0C)»SUA:jui;(D3WliSIWflS5^Mir«C4:lc X?:©-3-3tns§^ic(alS 

31 ( 5^-3fJI/Of±ffla*T?|g«i*«&SSSCC|im) 
i2»!SrA:^ii-::ft*^7teJl/(DttgU/<jUt©3t!l{SIHfl^£ks-rszi:(c:J:0. Si|g*fSf^u:ffiMT?S5C 



Ciiatm 5] ( M^ejWJE! : ) 

^n^n©^<D:;*:/JMcS-:Ji.\7:. ii}g-y-:?tf^7t2Ji/0Di29iJi:Stii3'3iffi-r/H:s-«-3ftfC7tzjucD»igU'^ 
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misimm(Dii<p^)i(D^n^nti. p/rSflD7^[siici39ijanteSia(D-y-3ff-i7feji'Sa?*> 
[iS«il8l (TTn^y^A) 

[00011 
[0002] 

[«e5l5<D}j5{i|iil 
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2001-100725 Cra55ffn-Cl\5J$tl5<JfaBS. COStBlC J:nar» m^'TJ^-f7.<Dm^^tiWSL<DSmm{m 

lipar]gSaBttS:^^gi*»fRj||<i:0:ofc. mit. 2001-184051 T'BBaiBUE^RilSCfcWseSSL' 

[00031 

[ ^BH ® 9i U <fc -3 <»: U r L \ 5 ] 

o X p <D □ :^ s *ff fe^ ^ ^ r- u ^ a i: I \ ^ Pais /J^s o ?£ . 

H^Ii^g5t5^;t^':x=s$lJ^9■r«^lJ}alg|5^:sfii*x HTiiBms((Df<7fejKD-&n-e'n«> pffs<r)7^isi(ci29ij^n 
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f «:XT'y:/«aars5!ia«* afIIBS!lffligB(clSff^-l+«tea&©:^a^?^/»SSSOteKSJg(*T?»5o 

ne. pjf5£©75(giciB9Usnte»s©-y-3ft'-5feju5gi^. iiiiHfflij{©-9-:?"e-5feji/(cB. p/fs©5!i®ic 
j:-3 7:3t5:©»«=£^-rH2|s:gi5-»*>fMfE;menrsOx @^fiiS3i!E-r'^^e'5tJi/<*:^©iSisici?s 

*^BHIcd:ni#, ^Sl©f^7tJlS^-r5a5t7^;C-i':^<*:lc3t?:SS5^-r5PS. Btli3lgg5©f':7feJU© 



4/12 



icas^f sB^c. 5!ia*(fBifrfb-c^«te«^ mmmm.<omi\ cpu •e=6iifflm«:smx?ii^*fqiHg-e»« 
*te. «ias<43r-«»gt»«fpsg5i^u«a=fe. fflis*jfiaiiis<b^n5cfe/j\s<}ips:6n3. lesmc, 

Mlca&©x.en5C«i:IC«J:0s 3^?:©::^S□-•:7I5l±*l<}gafiurl^5la^©^^<DfflnS}Ql:^•5C^:«f 
G:(.\=fc©lc^E3tl^*fS-3o -e^rolSlCts «*Si:»31t:/tfC'feJKDi2§S^M-?-5C:i:ICj:0» ?:fl5a) 

t":7feJKDlBSL/A:j|,s3^:£-r5PSlc. BuiB1t3fe<7feJl/©lB5lJ<hmifB3^!£t-/^S-y-3'"t'^feJI/(DlBSU 

3rt*^'tjl/(DiB9«^:B0iB3^ffit-A:&t^:?■t•^7fej^<D»sb/>cJ^^:©M)iBra^llcffi^ ufc*for. 
e^7tju(DSgL^A:ji/S9i!E-r«PSic. BtiiBit:/e-5feJu©i29iji:B3S3ii!S-r'>c^-y-:?e<7feju(DiEiSu 

Saoe^:®* ■E-n^n<OS<D:^/JvCB^».\r. H0SB-y-:/t*-5feJU<pl!5U<!:mlBB-»3g-rA:^-y-:ftr-:7-bjU 

(D3^?:<D -Sf Jl/ - :7'(C« U r tt mli35C^l5S ttil-fbT- S 5 fc «). S:?:a5^^M0[)i31SSaS 'J vff < ffll 
0^6. d:0(iJ£lMEe-C(D«jg«j:]^i|i(D3t?:a5^3bfqrtgt»5. 

SIB. {i£5R(Dfi?'<ilS 2001-100725. !f5^ 2001-184051 ) IC J: 53?:?:S5^^H<D<^SM^i:^)52S5^ "To 
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}itzMsisr^vm(Dmm$s^^n^rmtL\zumf9mm^ 20 20 »c p u2 ^^^'e 

U 4 i*|faSn«o SIJ«9SB 20 ICB. mTji'rJ^'fT. 3 i:A:^:5'-'C-i':;^ 7 i:ffll)Ji3!SS@ 40 t-tflSm^tlT 
L\So fflma«Se40lCBX?:a5^Sffttafc»flD^5i-:rD^?3/*41a<!:y--S'5«f«»!ffnrt^5. 
—5 5 BX^}B«y— 5 5b. ?iIE;Ci'-:^5'— 9 5c t.m§.=T-ZJ )\, 5d Sgifc. 5 5b 

n. 4ic*ssfi^n5e 

i:^^' »-/:?■ s8 : m^^'T-jif s6 ^<i:cf S7 "e^ssssnfe, 3t^a)S*sp^j-icMJiS-rs-y-:?e<7fe;b(Deg^ 
:^=T«jy%\Q' 1X^C3*n«:zs□-■&©■^/v:T:lc«br4aa*f8lTUfc*l•^^5<J»s^!lffi■r«, Yes© 

^7 fe jKDSMig u a: JUS -en-e-nia^ u '^JKcSJS-r 5. 
13.^. •sc^<r>m^'^mtm^^^\znm.-9=s>^^\d.o\zMt.. 7.'7)\>V'V^-^n'E>(Dm^\z-o\.\-cm 
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moi:^y\io^}iiznss.-t^msL(Dsm^^^n^nmmzum-t^mnst 20 $u«9si! 20 » 

CP U2 t.^^=E>J 4 tft^a^ns. Sy«9aJ20 (Ctt. mmTJK^:i 3 i:A:^]yK-r::i 7 tliBlliE«iSM40 
ti^SSSnrt^So *Sa!liS<iJIH 40 (cB^^S5^S^7G:5te«)0[)S5^7^□•5'3^ 41b i:y--S» 5 
a^nrtxs, 5^— 9 5 BX?:JKW5'— 5b iimmm'y'--:f)l 5e SstJo Sm^i^-^JI/ 5e IC-Dl\-CB. 

?:'(!'0j^5a-r?sgS(Df^tjK)''e«i:o. 1 o(De-:7fejiB-&n«'n«iS(D. eu^tf. rOpX gcssx b 

. 03(b)B. SJ?:<DStS<hZs5B2|s:g|J-»(7)-y-3rf-:7-bjl<i:. a*gIJ'»ICjt>I-r5?fIEK-5'-><Di3aSiftBS 
•r»iE5^-3f Jl/ 2060 CBtJSf. fflliE-/C-S»-l/ 1 *(fffl«?^nfe«i^. S*SIJ^^lCjffU«l!l*'6lliU: 5. 2. 1^ 

eoDSSigix/^jna, 01 2u:i5ijs5^-s-ajg^--:?'Ji'T?«a'n«. egsRL/^JUi:«su'^;b©*ijiSSi« 
egSL''^Juo<D-y-::?"e<7feji/*f»suA:ji/ r255j ic. g (@) ©ssigL'/scju i oDidh^e-cteJUftfes 

r219j iCs B (S) 0!>eSIBU/s:jU2<D1t:^e-PteJU*|f»SL'/^JI/ ri82j ICSffiffn^, |5|»IC. 
U/^JU(5. 7. 5)(D+^3f e^7fe JU«f»BUA: j|,(73. 0. 73) U/^JU(2. 1, 0)<D1t-?e^7 tz Jl/*(fffl 

igi^A:jKi82,2i9.255)ic-en«'nia3Effn«. *gll(^?S-rsB*g|Ji^®it:?e^7feji/CBiffibte?i 

nsuiBfl-rs. 
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®fi3#e::i5' S6 HST?o:tM ffls ) od^^b:^-? v:/ S7 /^-en^-niiCo 

;i5^'y':?'sio: 1 3t?:icg*n«::^hn-^3<Dt-^ricWurMa*'jilTUtet^£^*^S¥iJ3E-r«. Yes© 

S^(3:;^5^-y3'"S101 ^iS?^x No ©^^B::^-?'^:^ S3 ICMO. ^!!las^5^l:^«. 

::^T'y^S101 : limfflSj»!Et-5t*^;t2JlJCRSgt-5i^-^e-!7feJllCa5n5B*gI55^©i39U/^5'-:^S 
::i5^-y:?*si02 : BSM^^-^fJise^^^u. -x^T-^^jifzm ■c-ill^teS*gB-»©i29U/':-5'-vic*)jfi;-r5 
:x5''y3rsi2: :75^-y:/si02T:-ia]£anteit:^ft*^7fejb©BS^A:jusg5-3-«jg7'--S'S» as^^^/Wi^ 
c:©j:5icuTs S*aJ5Jic«iiS-rs-tt":fe^7feJU©lE5iJcB-:yt\T:. — g-??e-5tzju©liigfiissffi 
06B. 02©«iB£(catt5SSfil5^-:3"JU5eC^fe3, B*g|55J©1t3f tf{7teJU©i39Ute-:7feJU© 

s^fi ( R. G. B mmm ) ©^ii£!pa^©i$ii%^-r. 

S6©^ffla©@B. ■9-3fe-:7teJI/©S5!li:|5li;75|S|Ca6<3f. 3 o©f^7feJHC*IliSOte 9 •y-:?"e^7feJU 

©K-S'-vsg^f. @«isT?s "0-B•»•:?e<7feJ^*(f3t?:©S*gB•»■c^^:tlc^:s^ -i-BiJ-:^'e^7teju*>f5t 
5:©B*SB^jT"S«c:ts*n-e'n^To mit. •x-»es©it:?ec»fejKB*gB^j-c»-Dr=&&<r=fe 
ia6©fiffll©@B. 5^-:?"ju©iiig<t:ur:£«!©s>'Cf-:vicjtii(ST«/i ■3©e-5tju 

ICs^nS R.G.B ©■y■3ft^'^feJ^©^SS^lS5^U■Cl^5o C©J:o«:. 3i?:©B2|s:gU-Ji-(Cjt5}J5-r«-y-^e 

^feju©i29iJi:iS^<i«^9?ffi^n5e^tzjicg^n5+t3fe-:7feji/©fflgffl^©3W)^;wii^5^t-5^-3f 
jusffltN-c. e^fejuroM^ffl^ifiJisans. z^as6^!>lUKlc5^■r^9lJBs ^3(c)ic5^-r-y-3fe^t2ji© 

SM. N*^i:=fcC3©S^r"S-5, I5IJ^B. B*gB-»lc«);S;-r5+t3J"f-5teJl©i39IJ*('-x10 000 Olx'TT-S 
■Dfctl^. liIEA*-S'-:v(Cd:5egSL/A:jK3r)i2^JB'x75 212 57x"^&0. Hg5^--::/Jl©MS5raM(Cd: 

o. HSfii^'iS^eans i o©t*-:7feji/Ca^n5ti-3rf-f tji (r.g.b) ©eg^L'^JK2.i.2)B)a)S 

UAiJU (182. 219, 182) ICSJ®3n5fe(»s H 6 ©^-:?"JbC33t\rt)-3fe^7t jb©i29J-xlO 000 Olx" 
i:lSl§UA:jl ( 182. 219. 182)©/^ J'*/ 1 O©g^<b»or l\-5o fl!2©gS=fc|3l^lCUr3t?lJ«iM11*l'ia!S 
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S6t^«c. 5'-:?ju<i:u-c2Effli(Dit3fe-5'fejKDS9iJc>!t*sufe 1 o©e^»feji/K:asn-5-y-:?"e 

{?feJKD»ffi<iSgifo fflJ^tf. -O-^tr^feJUflOffi^lWOOOOOIOOO-Xr-Sotefia^, ISiE/C5'-:/ICj:5 
egiBU/^jK3!)i291JB"001 257 521-^38:0. SS5^-:/JKD*}*e;rafigCd:0. ns 1 

t*^7feJI/ICa*n5+>-:ff-5i2JKR.G.B) <DeS^U/s:jK2.5,7)*('SS^/s:jU (182. 73. 0) CS®^ 

nste®. ia7©5'-3fji/CfeL\r+>-:?"e-!7i2Ji(Di29(i-ooo 001 ooo-i:ffl]guA:ji (i82. 73. o) od/^p 

tt33. gilEBOJ: a (cB:$:gg^(DeB9IJ<b-tt3f b'^ JU<PaS<l<PMli5Wfig g 6 U - ZfMb^tir: 

(asasg-r 5 c ^i^s^ (c ^ 5o 

g|8(D2Ejiy©s ■tt3ff'51zJUCDie9IJBS7i:|3|:^(DB^S5^U. B2|s:g|J^J-0[)J?ifi:Sat;)t5fJiSrafig(D<5!li: 

^) i:-e<DaB9!ics^n3fi*gB-»se@ufc±r-. ^oDiB^ucH^o^TS^sse-^fejKDiiSffi (as 

ffiatf, -y-Iff-S^fejKDffi^Utf-OOOOOIOOO'-eSofcg^. a*SB4J^<DMaiCJ:.0-y-:?t*^7feJKDi29U 
tt-OOO 010 OOO-tCJ&So €-niC^tK ffiIEK-S'-:/(CJ:«^^U/^JKOiB5!IB-012 575 210-T?»O» 

iig5^--:?ji/a)«iiSiifl5icj:o. H^fflftfiaffi^ns i ■DODe-^fejucs^nsit^e-S'teJi/ (r.g.b) <d 
eM^U'^Ji/{5.7.5)*(fffl)gix/s:jK73. 0. 73)ics©^nste«>» S8<©5^-^juc«t^r-y-:ye^7feji/ 

©ffi^U'OOO 001 0b0-i:KigUA:jK73. 0, 73)(0/>?7*f 1 ■3©M^i;S:-3-CU\5o 
@9(D£{lfl[), t>-^e-!>izJI/fl[>eS9IJ(Cjt4L/rg:$:SB5)^%£ffl!IIC)Si9l (^S<b) @9(D4iil^ 

(c5^-ri29ijT?a5So c<D#a<b^nfe-y-Tfe-5'izjKDi25ijica^ur9i*«f-5fejK7)ii^fii*f'S9<D:& 

«iJlcg^3^n5o ;in6(D+t3ft'-5t2JU<7)12fiJ<>ilf'!3tJU<Diii^fii0D*5i;SK<^*'. S2<7)li^fii5^-:?Ji'5e 
^urfflusns, <5iJ*tf. ■y-3rt''5feJKDi29iJ*(f"xioooooix x-r-^oteti^, B:*:g|5'»o£iJ/\<DS 
isiicd:o. ^fy\zoiz)i(ommt3i" xio ooo iix x-ic»5, -s-nc^^Lx. aiE/C'S'-^'iCcfc-seg^uA: 

JKDiE9J»-x75 225 77x x-r-^Ox jffl^-x-^f JKD^<IlSi5a<llC J: O. lj^fli*f|SS^n'5 1 0(Dt"-:7fe;U 
(Cg^nS-y-^ff-J^tJU (R.G.B) 0[)egSL/A:JK2.2.5)BJi)SUA:jKi82. 182. 73)IC3g©a^n«/c«». 
gl9(D-x-3fJHC33l\r+»-:?t*-5't2JKDi29J-x10 000 Olx x-i;»mU^Jl/(182. 182. 73)(D/^7'«f 1 0«D 
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m^ OB. «^e<i:U-C5J-UVye (R,G.B=255. 127,0) SfflUS^^OD. S*gB4J©-tt:?"e^7tzJKDi2 
9IJ^:tfCtzJU<D^^{i (R,G.B9Sei[ffi) (DXimWi^(Dm^nir, 

@1 0 easier. ■y-3rtf-£7feji/<Di29ijJt)f-ooooooooo-(Dfi3^s s^^<Dm:$i&i^iznsiit^-*tzf\doizj\, 
«^3$nr^e-r. sssfflA^sss^nse^izJi/BMSicfg^u. R.6,B(3[>j9isffi» (255, 127. 0) 

ffl^UT. 1i-:?'f^feJK7)iB5U*ff"OOOO01OO0-(3DH^IC. IISet|fa<D®^Big7<Dl5y<DJ:5Cegiglx 
/^JUODiefUB'OOl 257 52^'^^^^50. Ii3gffi*(fia!)£an5 1 •30!>tfi7tzJUCS*n3-y-:>"e^7t2JU(R,G.B) 
<7)eMiSb^JU(2,5.7)B»SL''^JKl82, 73. 0) IZWi^^tl^&tf. SSeftf^tUVyOD^^B R.G.B <D 
IBSU'^JKDtb^if (1, 1/2, 0)r-»5fc®. H^fii«15:£f ^&tf-S>tzJKDe^^U'^JK2,5,7)13: G 
0D)lilgL'A:ju*3<73xi/2T"33J:-5-36^^SO^ SSUAIJU (182. 36. 0) (ClHSISnSo CeoT. 

:*u:y-:>(Dta^«. si o<D5'-3fJi/ic33i\r-y-3fe^tejK3!)iB5ij-oooooiooo-tiSiianfej«suA:ju 

(182. 36. 0)a)/^j'*(f1O<DgSi:»oTL\5. 

e(ca(:J-5W/i£iB5flg(D5^-7''JU (j5!l*BE6. ll7lc5^Ufet.<7)) StcIC 3i:5:e<i:SSeiciiE;i;r5^- 
lili25^-:?"Jl/SfflSurt.J:ub. Jt^tSScDUetr^iao^^. Vim-oTzS^^yjl-zfitl^. iXmi: 

«3t;-2ifJU-:^<Dea:$iJ!£an. BDSB«JiSS«<DT-:^Jl/Sfflt\-c» 19!)E-«-/Ksaigfiisaiffi-r3. 

cn*T?i»BflUfcit:?e^7feJl/<Dffi9iJi:tf^7t2JU©li^«(D*lJiSSIMS^-a-. H^e^^-ifJl/ 5e 
©x:y s'jaBtJ-:?"hrcfeju©i29iJ(Diiij»^iDi*tur. .(m+2 xN)i@©-y-:?"eoiz-H/ic«-r«s*gp 

^^(D^gSl (-1-.-0-) 7? 2*»»+*>'NJaoi:ft5. <5a^B. M=N=^<Dl5yr-B512ffiO-eSSo Uft'Oerft'e. 

(ai ) ^ 

(N + 3)* — ( I n + 1)X2 + 1 = 5XN + 8 
n=l 

mot-^^o tKoTT M=N=3 ©I5IJ1: B 23 j£Oi:^JO. 512 ilO©K-S'-:/lC 23 ilO©-i' V^'vC^Z^^iUO 
^r5<i:L\5I3^«-r«C<>:r% UPgCfg^ansS^M. mxti R.G.B S Sblt (=0-255) r-ft 24blt 
© 5=^- -S' ^ 5^ - ^: u r HSoii^©§a « SUM-r 5 C ^: qjtgr- ^ 5 . 

^fc. lt3fe':7izju©iB^ijie-?t2Ju©li^M©3tlifl5PllfiKicrat-5cn*r-©iMaHT:«. '^st^ltzf 
e-5tJl/©ia9U«. <$!I*B R.G.B ^:iI£-3i-y-:3"t''i7feJI/©iE9lJHlSllc5Bo?ci25U©?*SailO±l:frL\«*|f. 



10/12 



Bni3ii!9IJHl3]lU9KDHl3l R.G,B (D1t:^e^7feJU*'3£/5r75(qllcX^UrSiSe:J^|q]) C«iofel!5IJlC 

X^s^Stf 5i8(c. s:5:<D?Btxs«gfiK-r5it:^^f^7teJKDiiJ9iJ*^6. S5j5?;c-r;^ii:«i.\ra5^-r/H:& 

[4.@M(DlSim«3iBg] 

m^ ] 

*«Bfl<3D3i:5:eg5^so[)«BS55^-rigr-s «, 

[@3 ] 

[@6 ] 

mi] 

1^9 ] 



11/12 



[@1 0 ] 
[@1 1 ] 

[@1 2 ] 

[@1 3 ] 

rftj icsw«a*gB^Mcx>ijiS-r«-y-:?"tf-5fejKDK-s'-vps5frsr-s5. 

la , lb Sc?:aSSB 

2 CPU 
20 $IJ|i9S|! 

3 nm5')K'<-^ 

4 ^il^'J 

40 fflBOIBIS^S 

41a. 41b mmyn*y'5U 

5 5? 

5b S> 

5c aiEyC'S'-:/?— s» 
5(j 

5e BSgfli^'-^rjl/ 

.7 A^T^/c-i':;^ 



»33. cnsr-sttBHUte-y-3ff^feJKDiB5U<!:f^7feJI/fl[)iS^ffl03RfJSK^saf. B^fli^'-^JU 5e © 

XV s"jaB-y-T?"e-i7teji©i29iJ©«i»^*Di3-i:ur. (M+2 xN )^i©•y■:?■e^7fejl/C3til•r3S*gB^^• 
©^}iil (-i","o-) "c 2<"+*''N»iiO^»5. M=N=3 ©fflJ-CB 512 S0T:-S5. ClT[yl3i1fQ. 

3W)ssr«iB^ffl©iia»^<oi±B. ?iiE/'C^'-:^*f®Pimicffi'fb-r5J:-5ica!ffi^n3te»v *i-f\zcnz}i 

(HI) „ 

(N + 3)2^( I n + 1)x2 + 1 = 5XN + 8 

ilOii^So ffior M=N=3 CD<5ljTrtt 23 llO^:^0. 512 110 CD A' -S?- VIC IzmOCD^ V=tv 0:^^%\\r> 
m'C^^l\z>JL^^^^Z.t,T:\ II^ICi35Ea^n§a^M. i51J^tf R.G,B & 8blt (=0-'255) Trtt 24blt 
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